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Doscription 

RELD OF THE INVENTION 

s [0001] This invention relates to electrophysidogy and, in particular, to signal processing apparatus used in electro- 
cardiography. 

BACKGROUND TO THE INVENTION 

10 [0002] In order to better understand the background and concept ot the present invention It is desirable to describe 
the terminology of electrocardiography and vectorcardbgraphy. 

£ieGlmcardfogr^>hy 

IS [0003] The term electrocardiogram ("ECG") was coined by Einthoven (see W. Einthoven, G.E. Fahr, A. DeWart, On 
the Direction and Manifest Size of the Wriations of Potential in the Human Heart and on the Influence of the Position 
of the Heart on the Form of tfie Electrocardiogram (translation), Am. Heart J. 40:1 63, 1 950). It relers to a plot against 
time of the varying potential drtferences produced by the heart between body surface electrodes, at specified locations. 
The conventional 12-lead ECQ is a set of 12 such plots identified as leads I, II, III, aVR, aVL, aVF, VI, V2, V3. V4, V5 

20 and V6, recorded fix^m electrodes on the right arm (RA), left arm (LA), left leg (LL), and on the chest: see Fig. 1 . A 10th 
electrode Is usually placed on the right leg (RL) to sen^e as a ground, to reduce 60-cycle noise, liowever, placement 
of a ground electrode on the right leg is mersV a matter of convenience. Other ground electrode positions may be 
used and. while the designation RL implies a ground electrode, It does not mean that the electrode Is necessarily 
placed on the right leg. Herein, and following common practice. RA is abbreviated to R, LA is abbreviated to L, LL is 

2S abbreviated to F (for fool), and RL is abbreviated to G (for ground). 

[0004] Note that the term 'lead* has a dual meaning and must be taken In its proper context. Sometimes it refers to 
a wire connected to a patient Sometimes it refers to a tracing. The following account requires close attention to various 
references of potential used in electrcx:ardlography. yet this Is difficult because an Inconsistent terminology has evolved. 
Time varying potential diflerences will be indicated by the lower case symbol V with subscripts to indicate polarity - 

30 the first Indicating the positive pole of the measuring device, the second indicating the negative pole or reference 
potential. 

[0005] Eintfioven's origir>al leads were 1,11 and III tracings of the voltages between LA and RA, LL and RA, and LL 
and LA , respectively, with the convention tiiat upward deflections resulted when the leading member of each of the 
foregoing electrode pairs became positive with respect to the other. Herein, the time varying voltage or signal giving 

^ rise to the lead I tracing Is denoted as V|_p, that for lead II as Vp^i and that lor lead I II as Vp|_. (Modem electrocardiographs 
employ differential amplifiers to reject common-mode electrical noise, so v^^^ is given as v^q - Vp|Q, etc.) 
[0006] The chest leads VI -V6 were introduced by Wilson (see F. N . Wilson , F. D. Johnston, A.G. MacLeod. P. S. Barker, 
BteCtrocardlograms that Represent the Potential Variations of a Single Etectrode, Am. Heart J. 9:447, 1934), who 
referred to the chest electrode as the exploring electrode. An upward deflection occurred when the exploring electrode 

40 became positive widi respect 1o what he thought of as a neutral reference: tiie "central termlr)ar formed from tiie tie 
point of three equal resistors from tiie RA, LA and LL electrodes. Herein, Wilson's central terminal WCT is denoted by 
W. Thus, die signals recorded as VI to V6 will be v.,w to y^. 

[0007] Since they use WCT as a reference, leads VI -V6 are called unipolar leads, whereas leads I, II and III are 
called bipobr le^ds. The eariy electrocardiographs were single-channel devices, hence the chest leads of the ECG 

45 were recorded In sequence, the exploring electrode being moved to record the various chest leads sequentially Sub- 
sequentiy, the exploring electrode was also placed on the limbs to record the unipolar limb leads VR, VL and VR The 
signals recorded as tiiese leads were vRw; vLw, and Vp^. respectively. Goldberger obsen/ed that the central temnlnal 
resistor connected to the explored limb partly shunted the signals, so he removed it thereby augmenting the signals 
(see E. Goldberger, A Simple, Indifferent Electrocardiographic Electrode of Zero Potentiai and Technique of Obtaining 

so Augmented, Unipolar, Extremity Leads, Am. Heart J. 23:483,1942). The "augmented' unipolar limb leads aVR, aVL 
and aVF complete the set of 12 leads, or tracings, in the 12-lead ECG. 

[OOOS] In electrocardiography texts, Einthoven's triangle Is commonly used to show the relationships between limb- 
lead electrodes and tracings. To enable a better understanding of tiie terminology used herein, Einthoven's triangle is 
shown on the left In Fig. 2 together with Its comparable representation on the right which adopts the temnlnology Fig. 
ss 2 shows that Einthoven's law, viz. 

lead II = lead I + lead III 
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is equivalent to Kirchoffs voltage law, viz. 

VLR + VFL+VnF=0- 

5 

One may go on to show that only two channels of intonmation are required to produce all six limb leads of the 12-lead 
ECG. This is made use of in today's electrocardiographs which record only eight channels of infomiatbn, two tor the 
limb leads and six lor the chest leads. A modern electrocardiograph typically has 10 lead wires In the cable going to 
the patient, records the ECG in 8 channels of information, and produces 12 ECG tracings. 

10 

VectorcerctlogrE^hy 

[0009] The cyclic pattern of body surface potenllals that results from the heart's cycle of electrical activation and 
recovery is a manifestation of an electric fisid in the body. Such field can be approximated by a nnathematical model 
IS that represents the heart as a current dipole of varying direction and magnitude. This is a three-dimensional vector 
quantity and is called the heart vector. 

[0010] The heart vector changes from instant to instant. According to the lead vector concept of Burger and van 
Milaan, lor every electrode position on the body surface there is a lead vector (see H.E. Burger, J.B. van Milaan, Heart 
Vector and Leads, Brit. Heart J. 10:229,1948). The scalar product of the lead vector and the heart vector gives the 
20 instantaneoue potential In the unipolar ECG lead for that electrode position. The difference between the two unipolar 
lead vectors of two body surface electrodes gives the bipolar lead vector whose scalar product with the heart vector 
yields the instantaneous potential of the bipolar ECG lead between the two electrodes. 

[0011] The heads of the unipolar lead vectors for all points on the body surfiace define an image surface. Frank (see 
E. Frank, The Imago Surface of a Homogenous Torso, Am. Heart J. 47:757,1954) experimentally mapped the image 

£s surface of one individual and used the lead vector concept to design a system of eight electrodes, with appropriate 
lead wires and resistors (see E. Frank, An Accurate, CUnicaOy Practtcal System for Spatial Vectorcardiography, Circ. 
Res. 3:243,1 955). known as the Frank lead system. Except lor FU. and LL, the electrode posltksns of the Frank lead 
system differ from the 1 0 used in the convemional ECG. The outputs of the Frank lead system are three voltage signals 
known as x, y and z, because they correspond to the rectangular coordinates of the heart vector, times a scaling factor. 

30 These signals can be graphed as x. y and z orthogonal ECG tracings, but a more common practice is to nnake xy, xz 
and yz pbts or "loops' known as vectorcardiograms (VCGs) in the frontal, transverse and sagittal planes of the subject. 
[0012] VCGs have not gained popularity, but they have provided valuable Insight imo the inter-relatlonshlps between 
the various ECG tracings, which are essentially prqectbris of the VCG loops onto lines representing the approximate 
directions of the lead vectors, Such projsctbns can be made in software or hardware. This was done when Dower et 

3S al. described the derivation (i.e. synthesis) of the 12-lead ECG from the xyz signals of the Frank lead system (see G. 
E. Dower, H.B. Machado, J.A. Osborne, On Deriving the Electrocardiogram from Vectorcardiographic Leads, Clin. 
Cardtol. 3:87:1980). The resulting derived or synthesized ECG ("ECGD") matches the ECG ctosely enough for most 
clinical purposes. But the match is not exact partly because the representation of the heart by a current dipole is only 
about 90 per cent correct. The reason for synthesizing the ECG as the ECGD, rather than recording It directly from 

40 the convemional electrode positions, was to save the technician the effort of applying two lead systenns when iDoth 
ECGs and VCGs were required Edenbrandt and Pahlm avokied dual systems by synthesizing the Frank xyz signals 
from the conventional ECG lead signals by using a matrix that was the Inverse of that whkti Dower used to synthesize 
the 12*lsad ECGD from the xyz signals of Frank (see L. Edenbrandt, O. Pahlm, Vectorcardiogram Synthesized From 
a 12 lead ECQ: Superiority of the Inverse Dower Matrix. J; Electrocardtol . 21 : 361 , 1 966). They termed the new matrix 

45 the inverse Dower Matrix. 

[001 3] United States Patent No. 4,650,370 entitled Method and Apparatus for Sensir^g arid Analyzing Electrical Ac- 
tMty rathe Human Heart, granted to G. E-Dower on July 25, 1969, describes a method and apparatus for producing 
xyz vectorcardiographic signals, slectrocardk^graphic signals corresponding to the lead signals of a 12-lead electro- 
cardiogram, or both, utilizing four electrode posittons on the chest of a patient. With a reduced nunrtber of electrodes. 

60 the method and apparatus described could be used in circumstances where a conventional system of 10 electrodes 
would be difficult or impractical. 

Extra Chest Leads 

ss [001 4] Although the numt>er of electrode positkuis on the chest for recording the 1 2-lead ECG is typically six, other 
positions such as V7, V8, V9, V3R, V4R and V5R have been used occastonally: see Fig. 3. These positions can be 
helplul in the diagnosis of certain conditions, e.g. Infarctkxis on the posterior or right aspects of the heart. However, 
increasing the number of electrodes from 1 0 to 16 can be a burdensome routine. 
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[001 5] In a paper entitled 'Synthesis of the 12 Lead Elecpocardiogram from a 3 Lead Semi-Orthogonai Subset Using 
F^tient'^feGinGUnearrnEmsfonnation Arrays'. J.A. Schererand J. M. Nicktas, Proceedings of Compulers in Cardiol- 
ogy, IEEE PresB. New York. U.S.A., 1989, at pages 449 to 451 , a method Is described wherein Input signals received 
Irom a plurality of conventk)r)al electrode positions generate a transformation which, when applied to signals from a 

s 8ul3set of such conventional positkins, may be used to synthesize signals forthe remaining posltkMis outside the subset. 
This approach Is taken a step further In United States Patent No. 6,058,598 'Method And Apparatus For Synthesizing 
Leads Of An Eiectrocardiograrrt' granted to NicWas and Scherer on October 22, 1991. In the patent, NteWas and 
Scherer indicate that signals for unconventional positk^ns may t>e likewise synthesized. However, whether a signal is 
to be synthesized lor a conventbnal position or an unconventional position by the method and apparatus discbsed In 

to the patent, it appears that signal informatran for the desired position is necessary in order to produce the required 
transfbrmatkyi. Thus, the useoTan electrode at the desired position, and the measurement of signals from that electrode 
is a prerequisite, in general, and in the case of chest posHkMTS V7, V8, V3R V4R and VSR in partnular, the necessity 
for such signal informatkxi from such an electrode is undesirable because the informatksn may not exist or be available 
at the required time. 

IS [001 6] Accordingly, a primary object of the present invention is to provkie apparatus for producing one or more extra 
chest leads without the use of extra electrodes. 

[001 7] A tu rthe r object of the present invention is to provkie new and improved apparatus which , uti lizing the system 
of a conventbnal 12-iead ECQ and Its conventbnal electrode positbns, enables health care professionals to substan- 
tially see the ECQ pattems that woub arise from one or nrv>re other electrode positbns around the chest of a subject's 
so body. 

[001 8] A further object of the present invembn is that the apparatus be easily usable in conjunctbn with existing or 
conventional electrocardbgraphs. 

SUMMARY OF THE INVENTION 

25 

[0019] In a broad aspect of the present irwention as defined in claim 1 , there Is provided signal processing apparatus 
for use with an electrocardbgraph monitoring activity, of the human heart, the apparatus including input means for 
receiving Input signals from chest electrodes positioned at conventional positions VI , V2, V3, V4, V5 and V6 and limb 
electrodes positioned at conventbnal positbns RA, LA and LL Signal processing means is operatively connected to 

30 such Input means lor synthesizing one and preferably two or more signals substantially corresponding to the unsyn- 
theslzed signal or signals that would be produced by a further chest electrode or electrodes, If such a further electrode 
or electrodes were used on the body at a chest position or positions other than the conventional positions. The apparatus 
further includes signal output means for provbing the synthesized signal as an output to the electrocardbgraph. 
[0020] The synthesized signal or signals may be a signal or signals corresponding to a signal or signals from the 

35 group consisting of chest lead signals VSR, V4R, VSR, V7, ve and V9. 

[0021] In a preferred emtjodiment of the present invention, the apparatus includes means for provkJing unsynthesized 
signals as an output from the signal output means to the electrocardbgraph. Further, the preferred amisodiment includes 
signal selection means for seiectlvely directing to the output means unsynthesized signals corresponding lo the input 
signals from the oonventbnally posrtbned limb and chest electrodes or the synthesized signal. The input means may 

4o also Include means for receh^ng an input sigrkal from a conventbnal ground electrode at position RL (whteh, as noted 
above, is a posrtbn of convenience and not necessarily the right leg). 

[0022] The signal selection means may comprise a switch switchable between a first position at whbh the unsyn- 
thesized signals are directed to the output means and a second position at whteh the synthesized signal is directed to 
the output means. 

45 [0023] The output of apparatus in accordance with the present in inventbn may be simply connected to the input of 
a conventional electrocardbgraph. When unsynthesized signals are selected at the output, the electrocardiograph is 
responsive to produce tracings of leads i, 11, III, aVR, aVL^ aVF, VI , V2, V3, V4, V5 and V6 or a 12-iead EGG. When 
synthesized signals are selected at the output, the electrocardksgraph is responsiva to substantially produce tracings 
of leads that could be produced directly with additbnat chest electrodes. 

so [0024] With the foregoing selectbn feature, the 12 leads of a conventional ECQ are preserved in an original unsyn- 
thesized form. They are uncompromised by the approximatbn implicitin the heart vector concept. Yet, with the present 
Inventbn, synthesized ECQ leads corresporxilng to those whbh woub arise from other electrode sites around the 
chest can be observed without adding significantly to the cost of the procedure for a conventional 12-lead ECG. in 
relatbn to the Interpretation of results, both as to the conventional 1 2 leads and as to addlibruil synthesized leads, the 

55 selectbn feature is particularly advantageous because it enables comparison with current and previously recorded 
conventional ECGs with the kiiowledga that any observed discrepancies will not have arisen from the synthesis pro- 
cedure. 

[0025] In accordance with another aspect of the present inventksn as defined in claim 8, there is provided a method 
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of monitoring heart activity of a human body comprising the steps of attaching chest electrodes at chest positions VI, 
V2. V3, V4. V5 and V6 of the body, attaching limb electrodes at positions RA, LA and LL of the body; sensing voltage 
signals produced by the electrodes in response to the heart activity; and. synthesizing Irom the sensed signals a voltage 
signal substantially corresponding to the voltage signal that would be produced by a lurther chest electrode, if such a 
further chest electrode was used on the body at a chest position other tlian chest positions VI to V6. In a preferred 
embodiment the synthesized signal Is a Gignal substantially corresponding to a signal that would be produced by a 
lurther chest electrode located on the body at a position selected from the group consisting ol chest positions V3R, 
V4R, VSR, V7, V8 and V9. 

[0026] The loregoing and other features and advantages of the present Invention will now be described with reference 
to the drawings. 

BRIEF DESCRIPTION OF THE DRAWINOS 

[0027] Fig. 1 illustrates a human body with conventional EGG electrode positions. 

[0028] Fig. 2 graphically illustrates terminology used herein with a drawing of Einthoven's triangle 

[0029] Fig. 3, which is on the same sheet of drawings as Fig. 1 , Is a transverse section o1 the chest Illustrating chest 

leads V3R. V4R. VSR, V6R, V7, Va and V9 in addition to chest leads VI to V6 shown in Fig. 1 . 

[0030] Fig. 4 Is a circuit diagram of signal processing circuitry forming part of an apparatus in accordance with the 

present Invention. 

[0031] Fig. 5, which is on the same sheet of drawings as Fig. 2, is a circuit diagram of a resistor networtc which 
Interconnects with the circuitry shown in Fig. 4. 

DETAILED DESCRIPTION 

[0032] The apparatus shown in Figs. 4 and 5 illustrates signal processing circuitry which forms part of an apparatus 
designed to receive Input signals from electrodes at conventional positions l_A, LL, VI , V2, V3, V4, V5, V6, RA and 
ground RLof body 100 shown in Fig. 1 , and to provide as an output urtsynthesized signals con-esponding to the sigrtals 
from such conventionally positioned electrodes, or synthesized signals substantially corresponding to signals that 
would be produced from electrodes at chest positions V3R, V4R, ^^R, V7, VB and V9 shown in Fig. 3. The output is 
provided to a conventional electrocardiograph (not shown). When such synthesized signals are provided as an output, 
they are provided to the exclusion of the unsyntheslzed signals from the electrodes at positions VI to V6; not to exclusion 
of all unsynthesized signals. The unsyntheslzed signals from electrodes at positions LA, LI-, RA and RL will continue 
to appear. 

[0033] Only part of the apparatus is shown in Figs. 4 and 5 because the remaining part is generally repetitive o1 that 
which is shown. Thus, while Fig. 4 Illustrates an Input amplifier unit AMP with a single Input 1 0, the complete apparatus 
includes eight of such units; one for an input from each of the eight electrodes at positions 1^, LL, VI , V2, V3. V4, VS 
and V6. Each unit incorporates basic amplifier circuitry comprising a high input gain operational amplifier 1 , input 
resistors and R^q* and feedback resistor R40. As well, each unit Incorporates at Its Input a spark gap SQ, resistor 
RI40 and zener diodes D to protect against input oven^oltages such as may occur if the apparatus is wired to a heart 
patient during defibrillation. 

[0034] In the example of the present embodiment, it may be noted that actual resistance values for the resistors 
shovim in Fig. 4 correspond In kllohms to their labelled subscripts. Thus, in the case ol amplifier unit AMR R5 Indicates 
a 5 kibhm resistor, R^q indicates a 10 kiiohm resistor, and R40 indicates a 40 kilohm resistor. The same is true for all 
other resistors shown in Fig. 4.' 

[0035] Fig. 4 also shows an Input 15 for an input from the electrode at position RA In Fig. 1. and an input 20 for a 
ground input from the electrode at positkxi RL in Fig. 1. The circuitry through which signals received at input 15 are 
processed Includes a high Input gain operattonal amplifier 2, Input resistors R5 and F^o* feedback resistor Fl,o. As 
in the case of each input anr^lifier unit AMP, the circuitry after input 15 incorporates a spark gap 8G. resistor RI4Q and 
zener diodes D. 

[0036] The signal between RA and RL in Fig. 4, i.e. Vrq In Fig. 2, Is amplified 5/4 times by amplifier 2 and fed through 
R^o at the inverting input of amplifier 1 which amplifies the signal by minus 4 times to give -Sv^q. The signals between 
each of the eight inputs to the eight AMPs and RL become 5V|_o, 5vpQ, Sv^q, SvgQ, 5v3q, 5V40, Sv^q and Svqq. With 
-5vpQ added to each, they become, respectively, Svp^, ^^IR' ^^2R' ^^sn* ^^SR ^^SR- Thus, the outputs 
from the eight AMPs, each leading to a corresponding line LI. give the signals between the LA, LL, V1, V2, V3, V4, 
V5 and V6 electrodes and the F)A electrode, each Increased 5-foki and referenced to RL Common mode signals, l.e. 
signals common to both the LA to V6 electrodes and to RA, all appearing with respect to Rl^ cancel. 
[0037] The slgruls on lines LI are then reduced to their original size by voltage dividers formed by RD^ and RD5 
(only one of which is shown in Fig. 4). The V|_n and Vp^ signals are fed directly to associated outputs 50 (one for LA, 
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ona for LL - only ona ot which is shown in Fig. 4). Ths other signals, Vj p to v^n. are fed to switch SW which is a B-pola, 
2-posltlon switch leading to six outputs 75. Only one of'outputs 75 Is shown in Fig. 4, and may be considered as the 
output for any one of VI , V2, V3, V4, V5 or V6 when switch SW is in the upward throw position indicated in Fig. 4. 
[0038] It will be understood that the signals from the electrodes at positions VI to V6 which appear at outputs 75 
5 when switch SW is in the upward throw position shown in Fig. 4 are unsynthesized signals. When switch SW is in this 
position, the signals from outputs 50, which are also unsynthesized signals, and the signals from outputs 75 may be 
fed directly to a conventbnal electrocardiograph to produce a conventional 1 2-lead ECG. 

[0039] The RA output in ths apparatus of Fig. 4 arises direclty from the apparatus ground which is seen as RL at the 
input to the apparatus. To understand this arrangement, imagine that the RL electrode Is placed on the right arm. (The 

10 location of the right leg electrode does not aflect the 12-iead ECG). Now, consider the signal from a patient between 
UVandRA. This double-ended signal referred or measured with reference to RL has been converted to a single-ended 
signal referred to RA. Thus, the input signals are Vjjq and V^q, whereas the output signal is Vu^, which an electrocar- 
diograph will plot as the lead I tracing. Similarly, all inputs are referred to RL whereas all outputs are referred to RA. 
Nc^e, however, that the pattern of potential differences among the Inputs, Including RA, Is reproduced among the 

IS outputs, including RA. Consequently, an electrocardiograph attached to the outputs will resporKi as i1 it were attached 
to the inputs. Its output will not t>e affected by placing the RL electrode on the right arm instead of the right leg. Note 
that the impedance to RL of the outputs are due to RDgg in parallel with RD^, i.e. 4 units (in practice, 4 Idbhms). To 
match this impedance, there is resistor R4 at the RA output. 

[0040] TTie circuitry that produces synthesized signals substantially corresponding to signals tiiat would be produced 
20 from electrodes at chest positions VSR, V4R, VSR, V7, VB and V9 conr^prises seven inverter units INV only one of 
which Is shown In Fig. 4. and sbc resistor networks like that shown In Fig. 5. Each Inverter unit comprises an operational 
amplifier 3 wired with input and leedback resistors R40 to produce a unity gain signal Inversion. 
[0041] As indicated in Fig. 5, each of the six resistor networks is associated with one of the six desired synthesized 
signals. They receive iriputs either from a line L1 or a line L2 shown in Fig. 4. A synthesized signal is produced as an 
2S output on a line L3 in Fig. 5 • arxd this signal is also the input along ths same line to a corresponding downward throw 
position of switch SW in Fig. 4. When switch SW Is In the downward dirow position, the synthesized signals will appear 
at outputs 75 and may be led directly to a conventkmal electrocardiograph to pivxiuce tracings of leads VSR, V4R. 
V5R. V7, V8 and V9. The signals that will do this are V(3R)n, V{4R)r, V(6R)r. Vyp, Vgp and vg^, I.e. they are referred to 
RA, not WCT 

30 [0042] It Will be readily apparent from Fig. 4 that unsynthesized signals will continue to appear at tiie LA and LR 
outputs 50, and the RA and LL outputs, when switch SW Is in its downward throw position. 

[0043] The synthesized signals substantBlly correspond to unsynthesized signals that could be obtained directly 
from further chest electrodes positioned on the chest of body 100 at positions V3R, V4R, V5R, V7. V8 and V9 Indk^ted 
in Fig. 3. In performing ths synthesis, inverter units INV would not be used but lor the fact that some of the resistor 
3S values in the network of Fig. 5 become negative in some cases. If this were not so, and If all resistors were determined 
to have positiva resistance values, then all inputs to the resistor network of Fig. 5 could be taken from a line LI in Fig. 
4. However, as some resistors were determined to have negative resistance values, the equivalent of a negative re- 
sistance was achieved by assuming a positive value and Inverting the signal Input. 

[0044] In more detail, Table 1 below shows caksulated resistance values for a resistor network associated with each 
40 synthesized lead V3R. V4R, VSR, V7, V8 and V9. Some of the values are positive values; some are negative. A negative 
value does not mean negative resistance. Rather, it indicates that the input to the resistor should come from line L2 in 
Fig. 4 instead of line LI . 



TABLE I 



46 





Rla 




Rvi 


Rv2 


Rv3 


Rv4 


Rvs 


Rv6 


V3R 


-120 


70 


88 


111 


665 


-341 


-243 


-264 


V4R 


-171 


94 


138 


193 


11165 


-444 


-392 


-485 


VSR 


-190 


87 


201 


443 


-556 


-486 


-888 


-6080 


V7 


34S 


84 


-118 


-100 


-328 


124 


73 


67 


VB 


704 


87 


-149 


-114 


-259 


179 


93 


83 


V9 


10818 


77 


-164 


-108 


-179 


263 


107 


89 



Resistance values are stated in kilohms. 

55 

[0046] Note that all resistance values for Ry, are positive. Thus, no Inverter INV is required for v^l.. 

[0046] The apparatus shown in Figs. 4 and 5 effectively combines the idea of the inverse Dower matrix with the idea 
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of obtaining extra chest leads without applying more electrodes. When the apparatus is interposed between a patient 
and an electrocardiograph, an 18-lead ECG can be obtained routinely, without significant extra work by a technician. 
[0047] However, as it will not be obvious, the following description will serve to explain how the resistance values 
shown In Table 1 were determined. 

5 

Derivation of Lead Vectors tor the Extra Leads 

[0048] The locations of the electrodes for the extra leads V3R, V4R, VSR, V6R, V7, VB and V9 are shown in transverse 
section of the chest In Fig. 3. The coordinates of the positions to which these map on Frank's image surface give the 
10 lead vectors for these locations. Because Franic did not define the image surface for these positions, the coordinates 
were obtained by visual interpolation from two-dimensional projecttons of Image surface contours. They were found 
to be as follows: 



IS 



20 



2S 



V3R = -92i + l0j-39k 
V4R=-B4l-6J-7k 
V5R = -77i-6i + 10k 
V6R = -73l-8| + 22k 
V7 = 70l-26j + 74k 
V8 = 441 - 25j + 85k 
V9 = 15i-17J + 92k 

zs where i, J and k are orthogonal unit vectors. 

[0049] Fran k used xyz coord inates instead of I] k coordinates, but this can cause confusion because the heart vector 
H Is conveniently expressed as: 



so 



40 



AS 



H = xi + yj +zk 

whose scalar product with a lead vector L = al + bj + ck gives the signal in that lead due to the heart as: 

H ' L = ax + by + cz 



where x, y and z are functtons of time and a, b and c are f urxnions of positkxi, tissue conductivity, and geometry. 
Another term for lead vector L Is transfer Impedance. 

[0050] The required unipolar lead chest signals are referred to WCT, but Frank did not choose this as the reference 
so for his image surface. From his diagrams, the lead vector for WCT Is: 

Lv^,cT = -15l-12j + 28k 

55 which must t>e subtracted from the lead vectors given above to obtain the following unipolar lead vectors: 

LpR)w = -77i + 22i - 67k 
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IS 



25 



30 



35 



40 



L(4R)W = -^> + 7j-35k 



-(6R)W 



= -62i + Gj-18k 



L(6R)W = -^Si + 4j - 6k 



L^ = B5i-14j + 46k 



Lew = 591- 131 + 57k 



Lgv^,=30i-5j + 64k 



Dividing Ihsss equations by Frank's scaling factor of 1 36 and forming the scalar product with the heart vector gives 
20 the unipolar lead signals for each of the electrode positions. 



(3R)W 



(4R)W 



= -0.566X + 0.162y - 0.493z 



= -0.507X + 0.051y - 0.257z 



V(6R>w = -O.^Sex + 0.044y - 0.132Z 



^(6R>w = -O'^^^ + 0.029y - 0.044Z 



= 0.625X - 0.103y + 0.338Z 



Vftw = OAt^^x - 0.096y + 0.41 9z 



Vgw = 0-22 1x - 0.037y + 0.4712 



[0051] Earlier work on the coefficients given in the Dower nnatrix (see On Deriving... op. cit.) refers to impnDvement 
on the coefficients obtained Irom Frank's image surface data as a result of a study of several hundred cases. The lead 

45 vectors of the resulting Dower matrix were plotted on an Aitoff equal area projection. On the projection, the limb-lead 
vectors lay approximately along the equator, and the chest vectors lay approximately along the zero and 1 BO' meridians. 
[0052] The lead vectors for the extra leads were then transformed into spherical coordinates and added to the Aitoff 
projectbn. It turned out that there was some unevenness in the angular spacing of the new lead vectors, but this was 
reduced by slightly moving the vectors. The rationale tor so doing was that the new lead tracings way be related by 

so the cardiologist to the corresponding vectorcardiograms {On Deriving... op. cIt. Fig. 5). This visual exercise would be 
less satisfactory it the angular spacing between some o1 the new lead vectors were uneven, because the conceptual 
application of the present invention is to obtain different views of the heart, electrically speaking, when looking lor 
evidence of myocardial ischemia or Infarction. Lacking experimental data at this time, this process was used to obtain 
extra chest leads of potential clinical value. 

55 [0053] The spherical coordinates thus obtained from the Aitoff projection did not include magnitudes because the 
magnitude coordinate (radius) is not represented in the projectkxi. Accordingly, the magnitude coordinates were taken 
Irom, or Interpolated from, the magnitudes of the lead vectors lor the extra leads obtained from Frank's Image surface 
after transfomiatbn from rectangularlo spherical coordinates. The resulting spherical coordinates were transformed 
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IS 



20 



3S 



f 

40 



4S 



60 



to rectangular coordinatas to give the tollowing: 



(3R)W 



(4R)W 



= -0.566X + 0. 1 64y - 0.490Z 



= -0.507X + 0.053/ - 0.289Z 



VpRjw = -0.46ac + 0.041y - 0.107z 



^(6R)W = + 0.01 Oy - 0.022Z 



Wj^ = 0.S&7X - 0.031y + 0.412z 



Vgvv - 0.376X + 0.41 1 z 



Vgw - ^-221 X + 0.473Z 



[0054] It Will be understood that the embodiment of the invention shown In Figs. 4 and 5 represents an analog im- 
2S plementatlon. For this Implementation, the extra leads are limited to six, viz. V3R, V4R, VSR, V7, V8 and V9, to replace 
the six chest leads recorded by a conventional electrocardiograph. Consequently, the v^^f^w signal is not used, although 
there is no theoretical reason why not 

[0085] The above equations give signals with respect to WCT which is not the output reference in the circuit of Fig. 
4. In Fig. 4, the output reference Is RA. (When connected to a conventional electrocardiograph, the electrocardiograph 
30 will establish the WCT reference.). To change the reference from WCT to RA, i.e. to make Vf^ = 0, Vf^^ is subtracted 
from each equation. Working from the triangle diagram in Fig. 2, it can readily be shown that 



Since, from the published Dower matrix: 



V| = 0.632X - 0.235y + 0.059z 



and 



V|, = 0.2SSX + 1 .0G6y - 0. 1 32z 



therefore: 



= 0.2B9X - 0.277y + 0.024z 



and it folk)ws that: 



^(3R>w = "0-277ic + 0.441 y - 0.51 4z 
^(4R>w - -0.218X + 0,330y - 0.31 3z 
V(6R)W = "0-174X + 0.318y - 0.131z 
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Vyyy = 0.e76x + 0.308y + 0.388z 
Vgyy = 0.665X + 0.277y + 0.387Z 

^ Vgyv = 0.61 Ox + 0.277y + 0.449Z (1 ) 

Herein, the matrix of coetficients from the set of equations (1 ) will be referred to as tlie analog extra lead matrix because 
it is cxsnvenient for analog implementation. 

[0056] Tho published Dower nnatrix was InterKled lor software Implementation. Consequently, the published Inverse 
Dower matrix was similarly intended. This means that the inverse Dower matrix cannot be used directly on the electrode 
signals coming Irom a patient because there is no common reference. Its Inputs V| and Vn are referred to RA. whereas 
its inputs Vy^ to Vyg are retarrsd to WCT Following the convention adopted herein, the inputs are V|_f^, Vy^, v^y^, V2vy, 
Vaw V4w< and Vgyy. For analog Implementation, and although ft would be possible with suitable circuitry to generate 
the v^yy to Vew signals, rt is simpler to calculate and use a new matrix which may be referred to as an analog Inverse 
matrix. For this purpose, the relevant equations of the published Dower nrtatrix are: 



20 



2S 



30 



as 



40 



4S 



BO 



v,^P = 0.632X - 0.235y + 0.059z 
= 0.235X + 1 .Q66y - 0.1 32z 
v,yy = -0.515X + 0.157y - 0.917z 
Vgw = 0.044X + 0.164y - 1.387Z 
^aw ~ 0-38^ + 0.098y - 1.277z 
v^^ = 1 .21 3x + 0. 127y - 0.601 z 
Vfiw = + 0, 1 27y - 0.086Z 

Vew = ^-^^ ^ + 0.076y + 0.230z 

[0057] Following the same procedures as used to obtain the anabg extra lead matrix, and subtracting Vp^ from all 
but the first two of the above equations (which already use RA as a reference), gives the following set of equations the 
coefficients of which give the Dower matrix when all Inputs are referred to RA: 

Vlr = 0.632X - 0.235y + 0.059Z 
Vpn = 0.235X + 1 .066y - 0.1 32z 
V^P, = -0.226X + 0.434y - 0.941z 
VgR = 0.333X + 0.441y - 1 .41 1z 
V3R= 1.171x + 0.376y-1.3Q1z 
= 1 .502x + 0.404y - 0.625z 
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= 1 .414X + 0.404y - O.IIOz 

= 1 . 1 20x + 0.353y + 0.206Z (2) 

[0058] If the coefficient matrix from the foregoing set of equations (2) Is defined as A, and If A^A is defined as M 
where A**" is the transpose o1 A, then, following Edenbrandl and Pahim (op. cit.), the inverse Dower matrix when relen-ad 
to RA Is M'^ A^ where M-^ Is the Inverse of M. More particularly: 



A = 





X 


Y 


Z 


LR 


.632 


-.235 


+.059 


FR 


.235 


1.066 


-.132 


CRl 


*.226 


.434 


-.941 


CR2 


.333 


.441 


-1.411 


CR3 


1.171 


.375 


•IJOl 


CR4 


1.502 


.404 


-.625 


CR5 


1.414 


.404 


-.110 


CR6 


1.120 


.353 


.206 



and. 

LR FR CRl CRl CR3 CR4 CR5 CR6 

X .632 J235 -.226 .333 1. 171 1.502 1.414 1.120 
= Y -^5 1.066 .434 .441 .375 .404 .404 .353 
Z .059 -.132 -.941 -1.411 -1.301 -.625 -JIO .206 
Note that the labelling fc^* the matrices A and £j uses '*C" as an abbreviation for "chest". 
Thus, in accordance with the general convention used herein, the combination "CR" 
means chest to right arm. 

[00S9] The product A'^A then may be calculated as: 



7.498 2.163 -2.638 








.193 


-.156 


.043 


M = 2.163 2.166 -1.897 


and. 






-.156 


.815 


.225 


-2.638 -1.897 5.035 








.043 


.225 


.306 


Then, the inverse Dower matrix referred to RA le: 












LR FR 


CRl 


CR2 


CR3 


CR4 


CRS 


CR6 


X .161 -.126 


-.151 - 


.064 


.113 


.201 


.206 


.170 


M-'A''" - Y -.277 .802 


.177 - 


-.011 


-.170 


-.046 


.084 


.160 


Z -.008 .210 


-.200 • 


.318 


-.264 


-.036 


.118 


.190 



[0061] Continuing, the product of M'^AJ with the analog extra lead matrix: 





X 


Y 


Z 


CR3R 


-.277 


.441 


-.514 
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(continued) 



s 





X 


Y 


Z 


CR4R 


-.218 


.330 


-.313 


CR5R 


-.174 


.318 


-.131 


CR7 


.876 


.308 


.388 


CR8 


.665 


.277 


.387 


CR9 


.510 


.277 


.449 



10 

(see set of equations (1 ) above) then gives the following nnatrix V of coefficients for output voltages to be led to the 
electrocardiograph: 



IS 



20 





LR 


FR 


v(CRl) 


v(CR2) 


v(CR3) 


v(CR4) 


v(CR5) 


v{CR6) 


CR3R 


-.163 


.281 


.223 


.176 


.029 


-.057 


-.081 


-.074 


CR4R 


-.124 


.226 


.154 


.110 


.002 


-.048 


-.054 


-.044 


CR5R 


-.115 


.249 


.109 


.049 


-.039 


-.045 


-.025 


-.004 


CR7 


.053 


.218 


-.155 


-.183 


-.056 


.148 


,252 


.272 


CR8 
CR9 


.027 
.002 


.220 
.252 


-.129 
-.118 


-.169 
-.178 


-.074 
-.108 


.107 
.074 


.206 
.181 


.231 
.216 



25 

[0062] Referring now to Fig. 5, basic circuit theory may be used to calculate the resistor values shown in Table 1. 
For each desired output voltage equation represented by matrix V where the coefficients have been determined so as 
to give the desired output, there Is a corresponding output voltage equation where the output to line L3 may be ex- 
pressed generally as a function of the eight input voltages from line LI or L2, the value of (5 kilohms), and the 

30 unknown values of Ry^, Ru,, Ry^ , Ry2, Rv3> Rv4< 

[0063] The enntxxiiment of the invention which has been described is an analog implementation. However, as will 
be understood l3y those skilled In the art, other analog Implementations departing from the speclfk^ circuitry which has 
been described are possible. Further, and again as will be understood by those skilled in the art, the signal processing 
implemented with anabg circuitry may also be implemented with software. In addition, it will be apparent to those 

3s skilled in the art that the present Inventbn may be readily implemented in a data communication system where a patient 
is monitored at one site and signal processing takes place at a remote site. 

[0064] In accordance with the method of the present Invention, chest electrodes are attached at chest positions VI , 
V2. V3, V4, V5 and V6 of body 100 and limb electrodes are attached at positions RA, LA and LL of body 100. U>ltaga 
signals produced by the electrodes in response to heart activity of Ixxiy 1 00 are sensed and, from the sensed signals, 

40 a voltage signal substantially corresponding to the voltage that would be produced by a further chest electrode Is 
synthesized. Using apparatus as da6crit>ed with reference to Figs. 4 and 5, including the attachment of a ground 
electrode at position RL body 100, voltage signals are sensed with reference to RL, and six voltage signals are syn- 
thesized - each synthesized signal corresponding to the signal that would be produced by a further chest electrode at 
one of chest positions V3R, V4R, VSR. V7, V8 and V9 of body 1 00 as shown in Fig. 3. The necessity to actually attach 

45 electrodes at positions V3R, V4R, VSR, V7, VB and V9 In order to sense the corresponding voltage signals Is avoided. 



Claims 

50 1. Signal processing apparatus for use with an electrocardiograph nrxsnitoring activity of the human heart, said ap- 
paratus including input means (10, 15) for receiving input signals from electrodes attached to the body ot a subject 
(100) whose heart activity Is being monitored, said electrodes comprising chest electrodes positioned at conven- 
tbnal positions VI , V2, Vd, V4, V5 and V6 (Figs. 1 .3) of said body and limb electrodes positioned at conventional 
positions RA. LA and LL (Fig. 1 ) of said body, sakl apparatus being characterized by: 

ss 

(a) signal processing means (Figs. 4, 5) operatively connected to said Input means (10, 15) for synthesizing 
one or nnore signals from said input signals when saki electrodes are so positioned, said synthesized signal 
or signals substantially corresponding to an unsynthssized signal or signals that wouki be produced by a 
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lurther chest electrode or electrodes, if such a further chest electrode or electrodes were used on eaid body 
(100) at a chest position or positions, other than said conventional positions: and, 

(b) signal output means (75) lor providing said synthesized signal as an output to said electrocardiograph. 

2. Apparatus as defined in Claim 1 , wherein said synthesized signal is a signal substantially corresponding to a signal 
from the group consisting of chest lead signals V3R, V4i=l, VSR, V7, V8 and V9 (Fig.3). 

3. Apparatus as defined in Claim 1 , wherein said apparatus includes means (Fig. 4) for providing as an output to said 
eietrocardiograph Irom said output means (75) unsynthesizsd signals corresponding to said input signals from 
said conventionally positioned limb and chest electrodes said apparatus further including signal selection means 
(SW) lor selectively directing to said output means (75): 

(a) said signals corresponding to said input signals: or. 

(b) said synthesized signal. 

4. Apparatus as defined in Claim 3, wherein said synthesized signal is a slganl substantially corresponding to a signal 
from the group consisting of chest lead signals V3R, V4R, VSR, V7, V8 and V9 (Fig. 3). 

5. Apparatus as defined in Claim 3, wherein said signal selection means comprises a switch (SW) switchable between: 

(a) a first position at which said unsynthesized signals corresponding to said input signals are directed to said 
output means; and 

(b) a second position at which said synthesized signal is directed to said output means. 

6. Apparatus as defined In Claim 5, wherein said synthesized signal is asignal substantially correspondlngloa signal 
from the group consisting of chest lead signals VSR, V4R, VSR. V7. VB and V9 (Fig. 3). 

7. Apparatus as defined in Claim 3, wherein said Input means Includes means (20) lor receiving an input signal from 
a ground electrode positioned at conventional position RL (Fig. 1) of said body (100), and wherein: 

(a) input signals from said electrodes at positions VI , V2, V3, V4, V5, V6, RA, LA and LL (Figs. 1 ,3) are referred 
to RL; and 

(b) output signals are referred to RA. 

8. A method of monitoring heart activity of a human body (1 00) wherein chest electrodes are attached at chest po- 
sitions V1 , V2, V3, V4, V5 and V6 (Figs. 1 ,3) of said body and limb electrodes are attached at positions RA, LA 
and LL (Fig. 1 ) of said body, and wherein voltage signals produced by said electrodes in response to said heart 
activity are sensed, characterized by the step of synthesizing Irom said sensed signals a voltage signal sut)stantially 
corresponding to a voltage signal that would be pnxiuced by a tuther chest electrode, it such a further chest 
electrode was used on said body at a chest position other than said chest positions. 

9. A method as defined in Claim 8, wherein said synthesized signal is a signal sukistantially corresponding to a signal 
that would be produced by a further chest electrode located on said body (100) at a position selected from the 
group consisting of chest posit'KMis V3R, V4R, V5R, V7, V8 and V9 (Fig. 3). 

10. A method as defined in Claim 8, Including the step of attach) ing a ground electrode at position RL (Fig. 1 ) of said 
body (100) and sensing said voltage signals from said positions VI, V2, V3, V4, V5, V6, RA, LA and LL (Fig. 1 ) 
with respect to said ground electrode. 



PatentansprOehe 

1. Signalverarbeltungsvorrichtung zum Ehsatz mtt einem Elektrolcardlographen. derdle Alctivitdt des menschlichsn 
Herzans erfaBt, wobei die \ferrichtung eine Eingabeeinrichtung (10, 15) zum Empfang von Eingangssignalen von 
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mit dam Korper eines Patientsn (100), dsssan Herzaktivitat zu erfassan ist, verbundenen Elektrodsn ain8chlie31, 
wobei die Elektroden Brustkorbelektroden, die an Qbiiclien Positioner! VI, V2, V3p V4, V5 und V6 (Figuren 1, 3) 
das Kdrpers positioniert sind, und ExtremitatenelelctFoden, die an Obllchen Positlonen RA, LA und LL (Fig. 1) das 
KOrpere poslitonlen slnd, aufweisen, und wobel die VDnlchiung gel(ennzelchnet let durch: 

(a) eine Signaiverarbeitungseinrichtung (Figuren 4, 5), die betriebseeilig mit der Eingabeeinriclitung (10, 15) 
verbunden 1st, um eines Oder melirere Signaie aus den Elngangsslgnaien zu syntlietisierea wenn die Elelc- 
troden so positioniert sind, wobei das syntiietislerte Signal oder die Signaie im wesentlichen ainem unsynthe- 
tisierten Signal oder unsynthetisierten Signalen entsprechen. das/die durch eine weitere Brustkorbelektrode 
Oder weitere Brustkorbeieklrodan erzeugt wQrde/wQrden, wenn eine eoiche weitere Brustkorbelektrode oder 
weitere Brualkort>elektroden an dem K6rper (100} in eineranderen Brustkorbpositlon oder anderen Brustkorb- 
positionan als den herkommlnhen Positlonen banutzt wQrdeAvOrden, und 

(b) eine Signalausgabeeinrlctitung (75) zum Llefem des synthetisierten Signals als Ausgangssignal an den 
Elektrokardiographen. 

Vorrichtung nach Anspruch 1 , wobei das synthetisierte Signal ein Signal ist, welcl^es im wesentlichen einem Signal 
aus der aus den Bruskorbleltungssignalen V3R, V4R, VSR, V7» VB und V9 (Fig. 3) gebildeten Qruppe enlsprichl. 

Vorrichtung nach Anspruch 1 , wobei die Vorrichtung Mittel (Fig. 4) zum Bereiteteilen unsynthetisiertar Signaie, die 
den Elngangsslgnaien von den wie Oblich posltlonlerten Extremltaten- und Brusttoibeiektroden entsprechen, als 
Ausgangssignal an den Elektrokardiographen von der Ausgabeeinrkshtung (75) enthalt, wobei die >forrichtung 
welter eine Signaiauswahleinrichtung (SW) zum selektiven ZufOhren von 

(a) den den Eingangssignalen antsprechenden Signalen oder 

(b) dem synthetisierten Signal 

an die Ausgabeeinrichtung (75) enthalt 

V6rrk:htung nach Anspruch 3, wobei dae synthetisierte Signal eIn Signal ist, wekties Im wesentlichen eInem Signal 
aus der aus den Brustkorialeitungssignalen V3R, V4R, VSR, V7. V8 und Vg (Fig. 3) bestehenden Gruppeentspricht. 

Vorrichtung nach Anspruch 3, wobei die Signaiauswahleinrichtung einen Schaiter (SW) aufweist, der umschaltbar 
Ist zwischen: 

(a) ainer ereten Position, in der die den Eingangssignalen sntspn^chendan unsynthetisierten Signaie dar Aus- 
gabeeinrichtung zugeleltet werden, urKi 

(b) einer zwelten Positton, In der das synthetisierte Signal der Ausgabeeinrichtung zugeleitet wird. 

Vorrichtung nach Anspruch 5. wobei das synthetisierte Signal ein Signal Ist, wek^es Im wesentlichen einem Signal 
aus der aus den Bnjstkorbleitungssignalen V3R, V4R, VSR, V7, V8 und V9 (Fig. 3) bestehenden Qruppe enlsprichl. 

Vorrichtung nach Anspruch 5, wobei die EIngabeeinrichlung i^ittel (20) zum Empfang elnes Elngangsslgnals von 
einer Masse- bzw. Erdslektrode, die in ainer Qblichen Posrtton RL (Fig. 1 ) des Kdrpers (1 00) positioniert ist, enthalt 
und wobei 

(a) Eingangssignala von dan Eleklrodanpositbnen VI , V2, V4. V5, V6, RA. LA und LL (Fig. 1 , 3) als RL be- 
zeichnet sind und 

(b) Ausgangssignale als RA bezelchnet sind. 

Venahren zur Erfassung der Herzaktlvltdt elnes menschllchen Kdrpers (100). wobei Brustl«)rbelektroden In Baist- 
korbposlUonen VI , V2, V3, V4, V5 und V6 (Figuren 1 , 3) des Kdrpers angebracht sind und Extremltatenelekiroden 
in Posrtkxien RA, 1^ und LL (Fig. 1) des Kdrpers angebracht sirKi urKi wobei durch die Elektroden im Ansprechen 
auf die HerzaktMlftt erzeugte Spannungssignale abgefOhIt werden, gekennzek^hnet durch den Schritt des Syn- 
thatisiarenB elnes Spannungssignals aus denabgefuhlten Signalen, welches einem Spannungssignal enlspricht, 
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das durch eine waiters Brustkorbelektrode erzeugt wBrdsn wQrde, wenn eine solche weitsro BrustkorbelBktrode 
am Kdrper In einer anderen Brustkorbposition als den BaistkorbposHionen verwendet warden wurde. 

9. Verlahren nach Arwpruch 8, wobel das eynthetislerte Signal eln Signal l6i, welchee Im wesentllchen einem Signal 
s entspricht, das dutch eins am Kdrper (1 00) in einer Position, die aus der aus den Brustkorbpositionen V3R, V4R, 

VSR, V7, V8 und V9 (Fig. 3) geblldeten Gruppe ausgewahit Ist, angeordnete weltere Brustkorbelektrode erzeugt 
werden wOrde. 

10. Verlahren nach Anspruch 8, das den Schritt des Anbringens etner Masseelektrode In der PosilKin RL (Fig. 1} des 
w Korpers (100) und dee AbfOhlens der Spannungssignale von den Positbnen VI, V2, V3, V4, V5, V6, RA, LA und 

LL (Fig. 1} bezOglk:h der Masseelektrode elnschlle8i. 

Revendlootlons 

IS 

1. Apparell de trattement de signaux destine d 6tre utilise avec un 6lectrocardlographe contrdlant Tactivrte du coeur 
humain, ledit apparell comprenant des moyene d'entrde (10,15) pour recevoir des signaux d'entree provenant 
d^lectrodesflx^es au corps d'un sujet (100), dont ractlvlt6cardiaque est contrOl^e. lesdites 61ectncxies comprenant 
des Electrodes thorack^ues posltionn^es en des positions classlques VI , V2, V3, V4, V5 et V6 (figures 1 , 3) dudit 

^ corps et des Electrodes applquEes eur les membres et qui sont situdee dans des posilnns classiques RA, LA et 

LL (figure 1 ) dudIt corps, ledIt apparell Etant caractErlsd par : 

(a) des moyens de traitement de signaux (4,5) connectds de 1a^ opdratbnnelle auxdits moyens cTentrde 
(10,15) pour synthdtiser un ou plusieurs signaux k parti r desdits signaux d'enlrEe lorsqus lesdites Electrodes 
2S 8ont ahsl posltlonnEes, ledit signal ou lesdits signaux synthdtisEs correspondant sensiblement ^ un signal ou 

d des signaux non synthEtlsEs. qui seralent produits par une autre ou dautres Electrodes thoraciques, si une 
telle autre Electrode ou d'autres telles Electrodes thoraciques etaisnt utilisEes sur ledit corps (100) en une ou 
des posltk>ns thoreck|ues autres que lesdites positions classlques; et 

^ (b) des moyens (75) de dEllvrance de signaux servant k dEllvrer ledit slgruil synthEtlque en tani que signal de 

sortie audit Electrocardlographe. 

2. Apparell selon la revendicatk)n 1 , dans lequel ledit signal synthEtlsE est un signal correspondant pour I'essentiel 
k un signal provenant du groupe constitue par des signaux de conductsurs thoraciques V3R, V4R, V5R, V7, VB 

3S et V9 (figure 3). 

3. Apparell sebn la revendication 1 , dans lequel ledit appareil comprend des nrxsyens (figure 4) pour produire oomme 
signaux de sortie envoyE audit Electrocardlographe ft pardr desdits nnoyens de sortie (75), des signaux non syn- 
thEtisEs correspondant auxdits signaux d'entrEe provenant desdites Electrodes situEes sur lee membres et dss- 

40 dites Electrodes thoraciques. poslttonnEes de lagon classique. ledit apparell comprenant en outre des moyens 
(SW) de sElectnn de signaux servant k rEaliser un guidage sElectif vers lesdits nrxiyens de sortie (75) : 

(a) lesdits signaux correspondant auxdits signaux d'entrEe; ou 

^ (b) audit signal synthEtlsE. 

4. DIsposltif selon la revendlcatton 3^ dans lequel ledit signal synthEtlsE est un signal correspondant sensiblement k 
un signal provenant du groupe comprenant des signaux de oonducleurs thoraciques VSR, V4R, V5R, V7, V8 et 
V9 (figure 3). 

so 

5. Apparell selon la revendication 3, dans lequel lesdits moyens de sElection de signaux comprennent un commu- 
tateur (SW) pouvant Eire commutE entre : 

(a) une premlEre position, dans laquelle lesdits signaux non synthEtlsEs correspondant auxdits slgruiux d'en- 
55 trEe sont dIrlgEs vers lesdits moyens de sortie; et 

(b) une seconde position, dans laquelle ledit sigruil synthEtlsE est dIrlgE vers lesdits nK>yen8 de sortie. 
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6. Apparsil salon la revendication 5, dans lequel ledit signal synthetisd est un signal corrsspondant ssnsiblsment k 
un signal provenant du groups comprenant des signaux de conducteurs thoraclques V3H. V4R, V5R, V7, V8 et 
^9 (figure 3). 

7. Apparel! salon la revendlcatbn 3, dans lequel lesdits moyens d'entrde comprennent das moyens (20) pour recevoir 
un signal d'enlr^e provenant d'une dledrods de masse posttionnde dans une position classlque RL (figure 1 ) dudit 
corps (100), et dans lequel : 

(a) des signaux d'entr^e provenant desdites Electrodes dans des positions VI . V2, VS. V4, V5, V6, RA. LA et 
U. (figures 1 , 3) sont designes par RL; et 

(b) des signaux de sortie sont ddsignds par RA. 

8. Procddd pour contrOler radlvltE cardiaque d'un corps humain (100), dans lequel des Electrodes thoraclques sont 
fixEes dans des positions thoraciquss VI, V2, V3. V4, V5 et V6 (figures 1, 3) dudit corps et des Electrodes pour 
les membres sont fixEes dans les positions RA, LA, LL (figure 1 ) dudit corps, et selon lequel les signaux de tension 
produits par lesdites Electrodes en rEponse k ladite activilE cardiaque sont detectEs, caracterisE par I'etape con* 
sistant k synlliEtiser, k partir desdits signaux dEtectEs. un signal de tension con^espondarrt essentiellement k un 
signal de tension qui est prodult par une autre Electrode thoracique, si une telle autre Electrode thoracique a E1E 
utIlisEe Bur ledit corps dans une position thoracique autre que lesdites positions thoraclques. 

9. ProcEdE selon la revendication 6. selon lequel ledit signal synthEtisE est un signal corrsspondant ssnsiblennent 
au signal qui serait prodult par une autre Electrode thoracique srtuEe sur ledit corps (1 00) dans une position choisie 
dans le groups conrprenanl des positions thoraclques V3R, V4R, VSR, V7. V8 et V9 (figure 3). 

10. ProcEdE sebn la revendication 6, comprenant I'Etape de fixation d'une Electrode de masse dans ta position RL 
(figure 1 ) dudit corps (100) et de dEtection dssdits signaux de tension k partir desdites positions VI, V2, V3, V4, 
y/5, V6, RA, LA et LL (figure 1 ) en rapport avec ladite Electrode de masse. 
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Fig. 1 
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Fig. 5 
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